The process capability indices are important numerical measures in statistical quality control. Well-known process capability indices are constructed under the process distribution is normal. Unfortunately, this situation is rather not realistic. This paper focuses on the half logistic distribution. The bootstrap confidence intervals for the difference between two process capability indices for the mentioned distribution are proposed. The bootstrap confidence intervals considered in this paper consist of the standard bootstrap confidence interval, the percentile bootstrap confidence interval and the bias-corrected percentile bootstrap confidence interval. A Monte Carlo simulation has been used to investigate the estimated coverage probabilities and average widths of the bootstrap confidence intervals. Simulation results showed that the estimated coverage probabilities of the percentile bootstrap confidence interval and the bias-corrected percentile bootstrap confidence interval get closer to the nominal confidence level than those of the standard bootstrap confidence interval.
Introduction
The half logistic distribution, which is the distribution of the absolute logistic random variable, was introduced by Balakrishnan (1985) . The main references about the half logistic distribution include Balakrishnan and Chan (1992) , Balakrishnan and Wong (1994) and Balakrishnan and Aggarwala (1996) . If Y is a logistic random variable, then X Y  has a half logistic distribution. The probability density function ( ( )) f x and the cumulative distribution function ( where  and  are the location and the scale parameters, respectively. Characterizations of the half logistic distribution were described in Olapade and Ojo (2002) .The graph of the probability density function for half logistic distribution is shown in Fig. 1.1 The mean and the variance of X are defined as 
 
Several studies have applied the half logistic distribution. For instance, Balakrishnan (1985) has suggested the usage of this distribution as a possible life-time model with an increasing hazard rate. In addition, Balakrishnan and Chan (1992) have shown that the failure times of air conditioning equipment in a Boeing 720 airplane fits the half logistic distribution quite well. This distribution was also applied to environmental and sports records data (Mbah and Tsokos, 2008) . In recent papers, many authors have applied the half logistic distribution under progressive Type-II censoring (see Kang et al., 2008 , Balakrishnan and Saleh, 2011 , Jang et al. 2011 ). As mentioned above, it is known that the half logistic distribution is an increasing failure rates model with reasonable importance in statistical quality control and reliability studies (see Kantam and Rosaiah 1998 One of the statistical quality control tools widely used is the process capability index (PCI). This index uses both process variability and process specification to determine whether the process is capable (Peng, 2010) . Even though there are many process capability indices, the two most commonly used indices are p C and pk C (Kane, 1986 , Zhang, 2010 . In this paper, we focus only on the popular process capability index pk C defined as follows min , , 3 3 where USL and LSL denote respectively the upper and lower specification limits of the process,  is the process mean and  is the process standard deviation. As the process standard deviation and the process mean are unknown, they must be estimated from the sample data 
However, the underlying process distribution is non-normal in some situations. Hence, it may be a skewed distribution. To deal with these phenomena, Clements (1989) proposed a new method for computing the estimator of the process capability index pk C when the process distribution is non-normal. This estimator is defined as min , ,
where , that it can be applied to any distribution. Kantam et al. (2010) discussed the relationship between pk C  and the probability that a product falling outside the specification limits when X has a half logistic distribution. This probability is given by
where ( ) F  is the cumulative distribution function of a half logistic distribution shown in Eq. (1.2) . Using the open source statistical package R (Ihaka and Gentleman 1996) , some values of , p p L U and M for the half logistic distribution are shown in Table 1 . 
In practice, the scale parameter  is unknown. Therefore, we must estimate the unknown  by its estimator. In this paper, we use the moment method for calculating this estimator. The estimator of pk C for a half logistic distribution iŝm
where is the estimator of .  Here, we use the simple estimator which is computed by the moment method given by 1l
 and the maximum likelihood estimator for  is (1) , X   the smallest sample order statistics. The moments of the half logistic distribution were shown in Giles (2012) .
In this paper, our focus is on the difference between two process capability indices, 
where 1 2 ,   and 1 2 ,   are the process mean and standard deviation of the first and the second population, respectively. Similar to Eq.(1.5), we can get the estimator of  which
where 1  and 2  are the moment estimator of 1  and 2  given by 1
The remainder of the paper is organized as follows. Section 2 describes the bootstrap confidence intervals. Some simulation evidence on the performance of bootstrap confidence intervals is provided in Section 3. In Section 4, all bootstrap confidence intervals are illustrated and compared through numerical example. A discussion of the results and conclusions are presented in the final section. The conclusions are offered in the final section.
Bootstrap Confidence Intervals
The bootstrap is a computer-based and resampling method for assigning measures of accuracy to statistical estimates (Efron and Tibshirani, 1993) . Many types of bootstrap methods for constructing confidence intervals have been introduced; for example, the standard bootstrap method (SB), the percentile bootstrap method (PB) and the biascorrected percentile bootstrap method (BCPB).
For a sequence of independent and identically distributed (i.i.d.) random variables, the bootstrap procedure can be defined as follows (Tosasukul et ,..., .
follows, we describe the constructions for the confidence interval of the difference between two process capability indices  using bootstrap techniques. 
Standard Bootstrap (SB) Confidence Interval
in , min , ,ˆˆ( ) ( ) ( ) ( ) b b b b b b b b p p p p USL M M LSL USL M M LSL U M M L U M M L                                                 (2.1) where ( ) ( ) 1 1 / ln(4), b b X     1 ( ) 1 1 1 1, 1 , n b j j X n X       ( ) ( ) 2 2 / ln(4), b b X     2 ( ) 1 2 2 2, 1 , n b j j X n X       Thus, the standard bootstrap (1 )100%   confidence interval is 1 1 2 2, , SB Z S Z S CI                      (2.2) where 1 / 2 Z   is a   1 / 2 th   quantile of the standard normal distribution, 1 ( ) 1B i i B         and   2 ( ) ( ) 1 1 .1 B i i i S B           
Percentile Bootstrap (PB) Confidence Interval
The percentile bootstrap (1 ) 100%   confidence interval is given by
is the th r ordered value on the list of the B bootstrap estimator of . 
Bias-Corrected Percentile Bootstrap (BCPB) Confidence Interval
The obtained bootstrap distributions using only a sample of the complete bootstrap distribution may be shifted higher or lower than would be expected. Therefore, this approach has been introduced in order to correct for the potential bias. Firstly, using the ordered distribution ofˆ,   compute the probability 0ˆ( ).
Therefore, the percentile of the ordered distribution To study the different confidence intervals, we consider their estimated coverage probabilities and average widths. For each of the methods considered, the probability that the true value of pk C is covered by the (1 )100%   bootstrap confidence interval, which is called the "coverage probability", can be obtained. In addition, the average width of the bootstrap confidence interval is calculated based on the 5, 000 M  different trials .The estimated coverage probability and the average width are given by
where L and U denote the lower and upper bound of the bootstrap confidence interval.
In the following section, a simulation study is presented in order to evaluate the performance of the confidence intervals , SB CI ,
PB

CI
and BCPB CI based on their estimated coverage probabilities and average widths.
Simulation Study
A simulation study on the behavior of three bootstrap confidence intervals of the difference between two process capability indices for half logistic distribution is described. The statistical package R (Ihaka and Gentleman, 1996 ) is used to carry out the simulation study in this section. In addition, the sample sizes and parameter values of half logistic distribution that we used in this simulation are listed in Table 2 . Similar to previous experiments of Kantam et al. (2010) , we set the lower and upper specification limits are 1 and 29, respectively. The process capability indices and the difference between the two process capability indices of twelve designs are shown in Table 2 . For each design, 1, 000 B  bootstrap samples with each of size n are drawn from the original sample. Additionally, the simulation is replicated 5,000 times. The 90% and 95% bootstrap confidence intervals are constructed by each of the three methods, i.e., SB, PB, and BCPB confidence intervals.
The simulation results are summarized in Tables 3 and 4 . These two tables present the results on the estimated coverage probabilities and average widths of 90% and 95% bootstrap confidence intervals, respectively. We begin with the results for Designs 1a-f, 2a-f, 3a-f and 4a-f The BCPB CI provides the shortest average width for all situations. Additionally, the average widths of all the bootstrap confidence intervals get shorter when 1 n and (or) 2 n increases. In addition, the density plot of generated samples is displayed in Fig. 4.1 . Assuming the half logistic distribution for corresponding random variables 1 X and 2 , X three bootstrap confidence intervals of the difference between two process capability indices with confidence level 95% are constructed, and they are shown in the following table. As presented in Table 5 , the true difference between 
Conclusions
In this paper, we have proposed bootstrap confidence intervals of the difference between two process capability indices for half logistic distribution. Three bootstrap confidence intervals are considered: the standard bootstrap confidence interval ( SB CI ), the percentile bootstrap confidence interval ( PB CI ) and the bias-corrected percentile bootstrap confidence interval ( BCPB CI ).The performances of bootstrap confidence intervals are compared by considering their coverage probabilities and average widths using Monte Carlo experiments. Based on simulation studies, the
